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(54) infonnation recording medium, method for manufacturing the medium, and appai^tus for 
manufacturing the medium 

(57) In an optical disk obtained by pasting two sub- 
strates, air bubbles and the like are removed from an 
adhesive layer between the substrates pasted together, 
and the thickness irregularity of the adhesive layer is 
suppressed to an allowable value or less. A spacer (60) 
having a predetermined thickness is corx:entrically 
placed on a substrate (30). An adhesive (220) is applied 
onto a surface of the substrate (30) on which the spacer 
(60) is placed. Another substrate (40) is placed on the 
surface of the substrate (30) on which the adhesive 
(220) is applied. The substrates (30. 40) are rotated 
about the spacer (60) at a high speed. The excessive 
adhesive (220) sandwiched between the substrates 
(30, 40) is expelled, together with air bubbles and the 
like, by using the centrifugal force produced by the rota- 
tion. With this process, an adhesive layer (50) having a 
thickness determined by the thickness of the spacer 
(60) is left between the two substrates. 
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Description 



The present invention relates to a method of manufacturing an information recording medium having a structure 
constituted by two disk substrates pasted together, an apparatus for manufacturing the medium, and a multi -substrate 
5 information recording medium obtained by the manufacturing method and, more particularly, to Improvements in bond- 
ing method and arrangement for two-substrate double-layered optical disk designed such that pieces of information on 
two information recording layers are read from one surface of the optical disk. 

Small-diameter optical disks (diameters: about five inches/120 mm to about 3.5 inches/80 mm) on which large-vol- 
ume data, e.g., various types of video and speech data, can be recorded as digital data have recently been developed. 
10 According to an optical disk of this type, one or more Information recording layers are formed on at least one of two disk 
substrates to ensure a large information storage amount, and these substrates are accurately pasted together, thereby 
obtaining a large-capacity disk having a predetermined thickness (1.2 mm). 

Assume that two disk substrates respectively having information recording layers formed thereon are accurately 
pasted together with an adhesive to obtain a large-capacity optical disk. In this case, when pieces of information on the 
15 internal information recording layers are read from one of the two disk substrates, a read laser invariably reciprocates 
via the adhesive layer between the substrates. At this time, if dust or an air butfble enters the adhesive layer between 
the substrates, an error occurs when the information corresponding to the position of the dust or the air bubble is read. 

If the adhesive layer between the substrates is uneven and has thickness irregularity, since the laser traveling path 
length varies at the portions of the adhesive layer at which its thickness changes, an error tends to occur when the infor- 
20 matlon corresponding to a position where thickness irregularity occurs is read. 

tf air bubbles enter the adhesive layer between the substrates, the strength of this adhesive layer decreases. For 
this reason, the disk substrates pasted together may peel from each other owing to the impact of falling or the like. 

If only one of the two disk substrates has an information recording layer, and the other substrate does not have a 
similar Information recording layer (or a dummy layer corresponding to the recording layer), the pasted surface may 
25 deteriorates with environmental changes. As a result, the two disk substrates pasted together may peel from each other 
or become deformed. 

The above dust or air bubbles must be completely removed, and the thickness irregularity of the adhesive layer 
between the substrates must be minimized (e.g.. within ±5 lom with respect to an adhesive layer thickness of 50 ^m). It 
is, however, difficult to realize adhesive layers without air bubbles/thickness irregularity for mass-produced two-sub- 
30 strate optical disks with a high yield. 

It is the first object of the present invention to provide a method of manufacturing a multi-substrate information 
recording medium in which no dust or air bubbles are included in an adhesive layer, or the thickness in^egularity of the 
adhesive layer can be suppressed to an allowable value or less. 

It is the second object of the present invention to provide an apparatus for manufacturing a multi-substrate informa- 
35 tlon recording medium in which no dust or air bubbles are included in an adhesive layer, and the thickness irregularity 
of the adhesive layer can be suppressed to an allowable value or less. 

It is the third object of the present invention to provide a multi-substrate information recording medium which is 
manufactured by the method of the first object. 

In order to achieve the first object, a manufacturing method of the present invention comprises the steps of: 

40 

a) placing a spacer (60) having a predetermined thickness concentrically with respect to a first substrate (30) on 
which an information recording layer (10) is formed; 

b> supplying a predetermined amount of adhesive (220) onto a surface of said first substrate (30) on which said 
spacer (60) is placed: 

45 c> bringing a second substrate (40) into contact with the surface of said first substrate (30) to which said adhesive 

(220) is supplied; and 

d) rotating said first and second substrates (30. 40) about a position of said spacer (60) to expel said adhesive 
(220). sandwiched between said first and second substrates (30, 40), thereby obtaining an adhesive layer (50) 
between said first and second substrates (30. 40). said adhesive layer having a thickness regulated by a thickness 
so of said spacer (60). 

In the rotation step <d>, the two substrates (30, 40) can be rotated at a high speed to completely expel dust and air 
bubbles from the space between the substrates, while the space between the two substrates which is regulated by the 
thickness (e.g., 50 ^m) of the spacer (60) is kept. 
55 During this high-speed rotating operation, when the adhesive (220) is expelled from the space between the two 
substrates, the inner pressure between the two substrates decreases, and forces based on the ambient pressure 
(atmospheric pressure in general) are uniformly exerted on the entire surfaces of the two substrates in a direction in 
which they are pressed against each other. At this time, the space between the two sut>strates does not decrease below 
the thickness (50 ^m). As a result, the thickness of the adhesive layer (50) made of the adhesive (220) between the two 
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substrates can be controlled within a predetermined range (e.g.. 50 ±5 ^m) regulated by the thickness of the spacer 
(60). 

The relationship between the first and second substrates may be reversed if the two substrates have information 
recording layers. More specifically, the first substrate (30) may be brought into contact with the second substrate (40) 
£ through the spacer (60) and the adhesive (220) instead of bringing the second substrate (40) into contact with the first 
substrate (30) through the spacer (€0) and the adhesive (220). 

tn order to achieve the second object, a manufacturing apparatus of the present invention comprises: 

positioning/holding means (200. 202) for concentrically positioning and holding a first substrate (30) having a pre- 
10 determined inner diameter, a spacer (60) having an inner diameter not less than the predetermined inner diameter 
and a predetermined thickness, and a second substrate (40) having the predetermined inner diameter, with an 
adhesive (220) being sandwiched between said first and second substrates (30, 40); 

rotating means (210) for rotating the first substrate (30), said spacer (60), and said substrate (40), which are con- 
centrically positioned and held by said positioning/holding means (200. 202), for a predetermined period of time, at 
15 a speed at which the adhesive (220) is expelled; and 

adhesive curing means (230) for curing a layer (50) of the adhesive (220) which is left between said first and second 
substrates (30, 40) to have a predetermined thickness regulated by the spacer (60) after the adhesive (220) is 
partly expelled by rotation of said rotating means (210). 

20 The above two substrates (30. 40) can be rotated by mear^ of the rotating means (210) at a high speed to com- 
pletely expel dust and air bubbles from the space between the substrates, while the space between the two sut^strates 
which is regulated by the thickness (e.g.. 50 pm) of the spacer (60) is kept. 

During this high-speed rotating operation, when the adhesive (220) is expelled from the space between the two 
substrates, the inner pressure between the two substrates decreases, and forces based on the ambient pressure are 

25 uniformly exerted on the entire surfaces of the two substrates in a direction in which they are pressed against each 
other. At this time, the space between the two substrates does not decrease below the thickness (50 ^m). As a result, 
the thickness of the adhesive layer (50) made of the adhesive (220) between the two substrates can be controlled within 
a predetermined range (e.g.. 50 ±5 ^m) regulated by the thickness of the spacer (60). 

The following inconveniences are posed in the manufacturing method and apparatus of the present invention with- 

30 out the spacer (60). 

In the absence of the spacer (60). the thickness between the two substrates (30, 40) to be pasted together depends 
on the viscosity of the adhesive (220) before curing and the rotational speed (the number of revolutions per unit time) 
of the two substrates (30. 40). tn this case, in order to set the thickness of the adhesive layer after a pasting process to 
a predetermined value (e.g.. about 50 \3sr\), the rotational speed must be suppressed to a speed corresponding to the 

35 desired adhesive layer thickness (because an excessive rotational speed makes the adhesive layer thickness too 
small). Such a limitation on the rotational speed increases the possibility that the two substrates (30. 40) cannot be 
rotated at a speed high enough to completely expel air bubbles left in the adhesive layer (50) between the two sub- 
strates. As a result, the manufacturing yield of mutti-substrate disks without air bubbles decreases. With the use of the 
spacer (60) as in the present invention, even if the two substrates (30, 40) to be pasted together are rotated at a suffi- 

40 ciently high speed, the adhesive layer between the two substrates does not become too thin. That is, since no upper 
limit is imposed on the rotational speed, air bubbles, dust and the like left in the adhesive layer (50) between the two 
substrates (30. 40) can be completely expelled by rotating the substrates at a sufficiently high speed. 

In order to achieve the third object, a multi-substrate information medium of the present invention comprises: 

45 a first substrate (30) in the form of a disk with a hole, on which a first information recording layer (10) is formed, said 
first substrate having a predetermined outer diameter, a predetermined inner dieuneter. and a predetermined thick- 
ness; 

a second substrate (40) in the form of a disk with a hole, on which a second information recording layer (20) is 
formed, said second substrate having the predetermined outer diameter, the predetermined inner diameter, and a 
so predetermined thickness; 

a spacer (60) having a predetermined outer diameter, a predetermined inner diameter, and a predetermined thick- 
ness and concentrically sandwiched between said first and second substrates (30, 40); and 
an adhesive layer (50) which is present between said first and second substrates (30. 40) except for a position of 
said spacer (60). and has a predetermined thickness regulated by said spacer (60). 

55 

When information on the internal information recording layers (10. 20) is to be read from one surface side of one of 
the two substrates (30, 40), a read laser reciprocates via the adhesive layer (50) between the two substrates. In this 
case, if the adhesive layer (50) between the two substrates has thickness irregularity, air bubbles, and the like, since the 
laser traveling path length varies at the portions of the adhesive layer at which its thickness changes, errors tend to 
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occur when pieces of information corresponding to positions where thickness Irregularity, air bubble formation, and the 
like occur are read. 

According to the multi -substrate information recording medium of the present invention, however, with the use of 
the spacer (60). the thickness of the adhesive layer (50) between the first and second substrates (30, 40) is alnrx>st uni- 
5 formly controlled to the thickness (about 50 ±5 jim) regulated by the spacer (60) even if the sut>strates are rotated at a 
speed high enough to completely expel the air bubbles. Therefore, the rate of occurrence of read errors due to the thick- 
ness irregularity of the adhesive layer (50). air bubbles included therein, and the like can be suppressed to a level at 
which no practical problems are posed. 

In addition, owing to the above spacer (60), a high-speed rotating process of completely removing air bubbles from 
10 the adhesive layer (50) can be performed while the thickness of the adhesive layer is controlled within a predetermined 
range, thereby preventing a decrease in the strength of the adhesive layer due to air butJbles left in the adhesive layer. 
This prevents the disk substrates pasted together from peeling from each other due to the impact of falling or the like. 

Further, the multi-substrate information recording medium of the present invention which Is associated with the 
third object comprises 

15 

a first substrate (30) in the form of a disk with a hole, on which a first information recording layer (1 0) is formed, said 
first substrate (30) having a predetermined outer diameter, a predetermined inner diameter, and a predetermined 
thickness; 

a second substrate (40) in the form of a disk with a hole, on which a dummy layer (20d) is formed, said second sub- 
20 strate (40) having the predetermined outer diameter, the predetermined inner diameter, and a predetermined thick- 
ness; 

a spacer (60) having a specific outer diameter, a specific inner diameter, and a predetermined thickness, and con- 
centrically sandwiched between said first and second substrates (30, 40); and 

an adhesive layer (50) which is present between said first and second substrates (30, 40) except for a position of 
25 said spacer (60), and has a predetermined thickness regulated by said spacer (60). 

As the above multi-substrate information recording medium, a medium having an information recording layer (10) 
on only one (30) of the two disk-tike substrates (30, 40) is mainly assumed. The non-recorded dummy layer (20d) cor- 
responding the information recording layer (10) is formed on the other (40) of the suk>strates to be pasted together. 

30 When similar layers (1 0, 20) are respectively formed on one substrate (30) and the other substrate (40) in this manner, 
and the substrates are pasted together with the layers opposing each other, the following effects can be obtained. Since 
physical distortions of the two substrates with environmental changes or with changes in quality over time occur sym- 
metrically In almost the same amount, the distortions are canceled out by the pasting process. For this reason, peeling 
or warping of the substrates pasted together does not easily occur, and hence a multi-substrate information recording 

35 medium which is physically stat)le with respect to environmental changes or changes in quality over time can be 
obtained. 

This invention can be more fully understood from the following detailed description when taken in conjunction with 
the accompanying drawings, in which: 

40 FIG. 1 is a plan view showing a double-layered optical disk according to an embodiment of the present invention 
when viewed from the read laser receiving face side; 

FIG. 2 is a partial deformed sectional view of the double-layered optical disk in FIG. 1 ; 

FIG. 3 is a block diagram showing a sputtering apparatus for forming first or second information recording layer 10 
or 20 on the double-layered optical disk having the structure shown in FIG. 2; 
45 FIG. 4 is a flow chart for explaining a procedure for forming first information recording layer 10 (thin metal film) for 
the double-layered optical disk by using the apparatus in FIG. 3; 

FIG. 5 is a flow chart for explaining a procedure for forming second information recording layer 20 (thin aluminum- 
molytxienum alloy film) for the double-layered optical disk by using the apparatus in FIG. 3; 
FIGS. 6A to 6D are views for explaining a manufacturing process of completing a double-layered optical disk by 
50 pasting substrates 30 and 40 in a semi-disk state, which have been obtained through the procedures in FIGS, 4 
and 5; 

FIGS. 7A and 7B are views showing the structure of an apparatus for collecting an excessive adhesive produced 
during a pasting process for substrates 30 and 40 in the semi-disk state In the manufacturing process for a multi- 
substrate disk in 6A to 6D: 

55 FIG. 8 is a flow chart for explaining a procedure con'esponding to the manufacturing process for a multi-substrate 
disk in FIGS. 6Ato6D: 

FIG. 9 is a partial deformed sectional view showing a modification of the embodiment in FIG. 2. and more specifi- 
cally multi-substrate optical disk OD constituted by four infornr^tion recording layers; 

FIG. 10 is a partial deformed sectional view showing another modification of the errdsodiment in FIG. 2. and more 
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specif icatly. multi-substrate optical disk OD constituted by three information recording layers; 
FIG. 11 is a partial deformed sectional view showing still another modification of the embodiment in FIG. 2. and 
more specifically, multi-substrate optical disk OD constituted by one information recording layer; 
FIG. 12 is a partial deformed sectional view showing still another modification of the embodiment in FIG. 2, and 
5 more specifically, another exanrple of the multi-substrate optical disk OD constituted by one information recording 

layer; 

FIG. 1 3 is a graph showing how the allowable range of thickness (ordinate) of a sufc)strate (30 or 40) used for a past- 
ing process changes in accordance with the refractive index (abscissa) of a substrate material when coherent light 
having a wavelength of 650 nm is used for a read operation, and a pair of substrates for a single substrate/single 
10 recording layer structure like the one shown in FIG. 2 are used; and 

FIG. 1 4 is a graph showing how the allowable range of thickness (ordinate) of a substrate (30 or 40) used for a past- 
ing process changes in accordance with the refractive index (abscissa) of a substrate material when coherent light 
having a wavelength of 650 nm is used for a read operation, and a pair of substrates for a single substrate/double 
recording layer structure tike the one shown In FIG. 9 are used. 

15 

A method of manufacturing a multi -substrate information medium, an apparatus for manufacturing the multi-sub- 
strate information recording medium, and the multi-substrate information recording medium according to an embodi- 
ment of the present invention will be described below with reference to the accompanying drawings. In order to avoid 
repetitive descriptions, the same reference numerals denote the same parts throughout several drawings. 

20 FIG. 1 is a plan view showing a double-layered optical disk OD used as a multi-substrate information recording 
medium of the present invention, when viewed from the read laser receiving face side. Optical disk OD is constituted by 
two polycarbonate substrates pasted together, each of which has an outer diameter of 120 mm. center hole 70 having 
an inner diameter of 15 mm. and a thickness of 0.6 mm. Optical diskOD is 1.2 mm thid^. A doughnutlike information 
recording layer is formed on each of the substrates (FIG. 1 shows only layer 10 on one substrate). Each of these dough- 

25 nut-like information recording layers has an inner diameter of about 45 mm and a maximum outer diameter of about 117 
mm. Polymer film spacer 60 having, for example, an inner diameter of 15 to 16 mm, an outer diameter of 20 to 21 mm, 
and a thickness of about 50 ^m is sandwiched between the two substrates to be coaxial with center hole 70 of optical 
disk OD having this arrangement. 

As a polymer film used for spacer 60, a polycarbonate film, a polyethylene terephthalate film, a polyimide film, or 

30 the like can be used, when no information is printed on the surface of the film of spacer 60. When label Information is 
to be printed on spacer 60. a polycarbonate film or the like can be suitably used. Note that, when such information is 
printed on the spacer, the substantial thickness of the spacer after printing needs to be controlled to a desired thickness 
(e g., 50 fim). 

FIG. 2 is a partial enlarged deformed sectional view of double-layered optical disk OD in FIG. 1. As shown in FIG. 

35 2. disk OD is constituted by polycariDonate substrate 30 for holding a first information recording layer, thin metal film (the 
first information recording layer having a thickness of 1 1 to 14 nm, e.g.. about 13 nm) 10 on which first information Is 
recorded, adhesive layer 50 which is transparent to read laser RL. thin aluminum-molytxienum alloy film (a second 
information recording layer having a thickness of 40 nm or more, e.g., about 100 nm) 20 on which second information 
is recorded, and polycarbonate substrate 40 for holding the second information recording layer. They are stacked in the 

40 order named when viewed from the surface on which read laser RL is incident. Label LB on which information (visual 
pattern information such as characters, pictures, or graphic patterns) associated with the recorded information (the 
above first and second information) is printed is bonded on substrate 40 on the opposite side to read laser receiving 
face 30. as needed. 

Spacer 60 concentrically sandwiched between sut)strates 30 and 40 at the position of center hole 70 is 50 |im thick. 
45 Adhesive layer 50 sandwiched between substrates 30 and 40 at the same level as that of spacer 60 has almost the 
same thickness (about 50 ±5 fim) as that of spacer 60. i.e., 50 ^im. The thickness of adhesive layer 50 may be increased 
while the film thickness of spacer 60 is increased accordingly. 

If the thickness of thin metal film 10. which is used to form ttie first information recording layer, is selected between 
1 1 nm and 1 4 nm (preferably about 1 3 nm), reflected read lasers having almost the same intensity can be obtained from 
so both first and second information recording layers 10 and 20. 

Note that first information recording layer 10 can be made of a material (a gold alloy, copper, silver, brass, a copper- 
zinc alloy, a copper-aluminum alloy, or the like) exhibiting almost the same reflectance and transmittance with respect 
650 nm (or 635 nm) read laser RL as those of the thin metal film. 

If the thickness of thin aluminum-molytxienum alloy film 20, which is used to form the second information recording 
55 layer, is selected to be 40 nm or more, the laser reflectance of film 20 can be set to a practically sufficient value (80% 
or more). In this embodiment, the set thickness of second information recording layer 20 is selected to be about 1 00 nm. 

Second information recording layer 20 can be made of aluminum alone. However, degradation in the reflectance of 
thin film 20 serving as the second information recording layer over time (environmental reliability) can be greatly sup- 
pressed (improved) by using an alloy of aluminum and a refractory metal such as molytxienum. tantalum, cobalt, chro- 
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mium, titanium, or platinum. 

Molybdenum has a function of improving the oxidation resistance of second information recording layer 20, but 
needs to be used in a proper content range. The practical content range of molytxjenum is 1 at% to 20 at%. The content 
of thin molybdenum to aluminum/molybdenum alloy film 20 is preferably 1 at% to 20 at%. In this embodiment, the con- 
5 tent of molytxienum is set to 20 at%. When this content exceeds 20 at%, the laser reflectance of second information 
recording layer 20 decreases even if the thickness of thin film 20 is ensured to be 40 nm or more. 

The wavelength of read laser RL may be 650 nm as described above or 635 nm, or may be shorter. If, however, the 
wavelength changes, the optimal film thickness of spacer 60 may change (the optimal film thickness may change 
depending on the physical properties of adhesive layer 50). In practice, the optimal film thickness is empirically deter- 
70 mined by using a plurality of samples after the laser wavelength to be actually used, the material for adhesive layer 50, 
and the material for substrates 30 and 40 are determined. For example, the optimal film thickness is determined such 
that the C/N (can-ier-to-noise) ratios of read signals from both recording layers 10 and 20 become a desired value or 
more, and sufficient bonding strength of substrates 30 and 40 is ensured. 

For example, as the physical parameters of multi-substrate optical disk OD shown in FIGS. 1 and 2, the following 
15 values can be used: 

[outer diameter] 

12-cm disk > 120.00 ±0.30 mm 

8-cm disk > 80.00 ±0.30 mm 
20 [center hole 70] 

12-cm/8-cm disk > 15.00 + 0.15 mm; 15.00 - 0.00mm 
[thickness after pasting] 

12-cm/8-cm disk > 1 .20 + 0,30 mm; 1 .20 - 0.06 mm 
[inner diameter of disk clamp area] 
25 12-cm/8-cm disk > maximum of 22.0 mm 

[outer diameter of disk clamp area] 

12-cm/8-cm disk > minimum of 33.0 mm. 
[thickness of disk clamp area] 

12-cm/8-cm disk > 1.20 + 0.20 mm; 1.20-0.10 mm 
30 [weight of disk after pasting] 

12-cm disk > 13 g to 20 g 

8-cm disk > 6 g to 9 g 
[inertial moment of disk after pasting] 

12-cm disk > maximum of 0.040 g • m^ 
35 8-cm disk > maximum of 0.010 g • m^ 

[dynamic balance of disk after pasting] 

12-cm disk > maximum of 0.010 g • m 

8-cm disk > maximum of 0.0045 g • m 

40 FIG. 3 shows the schematic arrangement of a sputtering apparatus for forming thin metal film (first information 
recording layer) 10 or thin aluminum-molybdenum alloy film (second information recording layer) 20 on substrate 30 or 
40 of multi-substrate double-layered optical disk OD having the structure shown in FIG. 2. 

Disk-like rotating base (cathode plate) 102 for holding polycarbonate substrate 30 (or 40) is placed in vacuum ves- 
sel 100 at a position near its top such that the rotating surface of the base is in a horizontal position. Rotating base 102 
45 is rotated by motor 1 1 0 (need not always be rotated). 

Anode plate 104 is placed in vacuum vessel 100 at a position near its bottom. A sputtering source is placed on 
anode plate 1 04 to oppose rotating base 1 02 placed above. This sputtering source is made of a material (gold) for laser 
reflecting layer 10 of optical disk OD or a material (aluminum, molytxdenum. or the like) for laser reflecting layer 20. 

Rotating base (cathode plate) 120 is grounded. When RF sputtering is to be performed, RF power source 1 12 is 
50 connected to anode plate 104 (DC power source 1 12 is connected to anode plate 104 in the case of DC sputtering). 
When sputtering is to be performed, an output voltage from power source 112 is applied between grounded cathode 
plate 102 and anode plate 104. 

Vacuum vessel 100 is connected to exhausting pump 114 through gas outlet port 113. When sputtering is exe- 
cuted, a small amount (on the millimeter level) of argon gas (inert gas) is charged from Ar gas cylinder 1 16 as a sput- 
55 taring gas into vacuum vessel 100. which has been evacuated by exhausting pump 114 to a sufficient level (pTorr level), 
through gas inlet port 1 15 and control valve 118. The amount of argon gas diarged is checked by internal pressure sen- 
sor (vacuum gauge) 108 attached to vacuum vessel 100. 

Substrate rotation motor 110, sputtering power source 1 12, exfiausting pump 114. and control valve 1 18 are com- 
puter-controlled by the CPU incorporated in sputtering controller 120. 
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Monitor unit (thickness meter) 106 having a film thickness measuring function is placed above the sputtering source 
(gold) placed on anode plate 104. The CPU of controller 120 monitors the amount of sputtering from the sputtering 
source to substrate 30 (40) through monitor unit 106. The CPU of sputtering controller 120 is programmed to adjust RF 
power from power source 1 12 to anode plate 104 to make thin layer 10 (20) have a predetermined composition while 
monitoring the thin film sputtered onto substrate 30 (40). 

FIG. 4 is a flow chart for explaining a procedure for forming first information recording layer 100 for multi-substrate 
double-layered optica! disk OD by using the apparatus shown FIG. 3. A program corresponding to this procedure is exe- 
cuted by the CPU incorporated in sputtering controller 120 shown in FIG. 3. 

Sputtering controller 120 drives exhausting pump 1 14 to evacuate vacuum vessel 100 to, for exannple, 5 uTon- or 
less while monitoring the internal pressure of vacuum vessel 1 00 by using internal pressure sensor 1 08 (step STI 0; NO 
in step ST12). Thereafter, sputtering controller 120 controls control valve 1 18 to charge argon gas into vacuum vessel 
100 at 5 mTorr or less while monitoring the internal pressure in vacuum vessel 100 by using internal pressure sensor 
108 (step STI 4; NO in step STI 6). 

Sputtering of gold is started by using the low-pressure argon gas charged in this manner as a sputtering gas. 

Sputtering controller 120 causes motor 1 10 to rotate cathode plate 102 on which substrate 30 is mounted (step 
STI 8). Meanwhile, sputtering controller 1 20 applies a predetermined voltage to the sputtering source (gold in this case) 
for a predetermined period of time (step ST20). With this process, laser reflecting layer 10 having a predetermined 
thickness is formed (YES in step ST22). 

In the above embodiment, substrate 30 is rotated in the sputtering process. If, however, variations in the thickness 
of thin film 10 are limited within a predetermined value, substrate 30 need not be rotated in the sputtering process. 

The above embodiment exemplifies an up-sputtering method in which substrate 30 is placed above a target mate- 
rial. However, a side-sputtering method in which substrate 30 is placed on the side of a target material may be used. 

[Experimental Example] 

The internal pressure of vacuum vessel 100 was decreased to 1 Ton- by exhausting pump 1 14. Thereafter, argon 
gas was charged into vacuum vessel 100 to set the argon gas pressure to a predetermined value. The set argon gas 
pressure, the state of thin metal film 10 formed by sputtering, and the argon content had the following relationship: 



Argon Gas Pressure 


State of Thin Metal Film 


Argon Content (at%) 


(mTorr) 




9 


island 


5 


8 


island 


5 


7 


island 


4 


6 


almost uniform 


3 


5 


uniform 


2 


4 


uniform 


2 


3 


uniform 


1 


2 


uniform 


1 


1 


uniform 


1 



When the argon gas pressure is set to 5 mTorr or less, the argon content of thin metal film 10 becomes 2 at% or 
less. As a result, a uniform thin film (thickness: 11 nm to 14 nm) is obtained. 

FIG. 5 is a flow chart for explaining a procedure for forming second information recording layer 20 for multi-sub- 
strate double-layered optical disk OD by using the apparatus shown in FIG. 3. A program corresponding to this proce- 
dure can also be executed by the CPU of sputtering controller 120 in FIG. 3. 

Sputtering controller 120 drives exhausting pump 1 14 to evacuate vacuum vessel 100 to 5 §Tonr while monitoring 
the internal pressure of vacuum vessel 1 00 by using internal pressure sensor 1 08 (step ST30: NO in step ST32). There- 
after, sputtering controller 120 controls control valve 1 18 to charge argon gas into vacuum vessel 100 at 5 mTon- or less 
while monitoring the internal pressure of vacuum vessel 100 by using internal pressure sensor 108 (step ST34; NO in 
stepST16). 

Sputtering of gold is started by using the low-pressure argon gas charged in this manner as a sputtering gas. 
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Sputtering controller 120 causes motor 110 to rotate cathode plate 102 on which substrate 40 is mounted (step 
ST38). Meanwhile, sputtering controller 120 applies a predetermined power to the respective sputtering sources (alu- 
minum and molytidenum in this case) in the layer formation order (aluminum first and then molytxJenum in this case) 
for a predetermined period of time (step ST40). As a result, laser reflecting layer 20 having a predetermined thickness 
5 is formed (YES in step ST42). 

In the above embodiment, substrate 40 is rotated in the sputtering process. If, however, variations in the thickness 
of thin film 20 are limited vtnthln a predetermined value, substrate 40 need not be rotated in the sputtering process. 

The above embodiment exemplifies the up sputtering method in which substrate 40 is placed above a target mate- 
rial. However, the side sputtering method in which substrate 40 is placed on the side of a target material may be used. 
10 The above procedure shown in FIG. 5 is associated with the sputtering method using the apparatus in FIG. 3. How- 
ever, layer 20 can also be formed by using the vacuum deposition method. 

FIGS. 6A to 6D explain steps (a) to (d) of completing multi-substrate double-layered optical disk OD by pasting sub- 
strates 30 and 40 in a semi-disk state, which have been obtained through the procedures shown in FIGS. 4 and 5. 

FIGS. 7A and 7B show the arrangement of an apparatus for collecting an excessive adhesive in the manufacturing 
75 process for multi-substrate disk OD (FIG. 7B is a p»artial sectional view taken along a line 7b - 7b in FtG. 7A). 

FIG. 8 is a flow chart for explaining a procedure corresponding to the multi-substrate disk manufacturing process 
shown in FIGS. 6A to 6D. This procedure will be sequentially descrbed below. 

Referring to FIG. 6A, first of all, polycarbonate substrate (one substrate of multi-substrate optical disk OD) 30 is fit- 
ted on guide pin 202 of spinning table 200 such that first information recording layer (thin metal film) 10 faces up. There- 
to after, 50-)im thick film spacer 60 is fitted on guide pin 202. 

After substrate 30 comes in tight contact with spinning table 200. and spacer 60 comes in tight contact with sub- 
strate 30, a proper amount of low-viscosity ultraviolet curing adhesive 220 is applied (or dropped) (step ST50 In FIG. 8). 

As adhesive 220, for example, an ultraviolet (UV) curing, thermosetting, or anaerobic curing adhesive having a vis- 
cosity of about 300 to 800 mPa • s (mlllipascal second) is suitably used. 
25 Referring to FIG. SB. after the proper amount of adhesive 220 is applied or dropped (YES in step ST52), polycar- 
bonate substrate (the other substrate of multi-substrate optical disk OD) 40 is fitted on guide pin 202 such that second 
information recording layer (thin aluminum-molytxlenum alloy film) 20 faces down (step ST54). Substrate 40 comes in 
tight contact with substrate 30 to spread adhesive 220 applied onto substrate 30. (After substrate 40 is brought into tight 
contact with substrate 30, no external force is specially applied to press substrate 40 against substrate 30). 
30 The possibility that air bubbles (fine particles or dust) enter the thin film (serving as adhesive layer 50 afterward) of 
adhesive 220 spread between substrates 30 and 40 is maximized at this time. The space between substrates 30 and 
40 is larger than the thickness (50 \um) of spacer 60. and there is a possibility that air bubbles, dust, and the like may 
be sandwiched between the substrates together with excessive adhesive 220. 

Referring to FIG. 6C. after substrate 40 is brought into tight contact with substrate 30, spinning table 200 is rotated 
35 at a given high speed (about 100 to 2.000 rpm; need not always be rotated at a constant speed but may be rotated at 
variable speed) (step ST58). As a result, excessive adhesive 220 between substrates 30 and 40 is expelled, together 
with air bubbles, dust, and the like, with a centrifugal force. 

Referring to FIGS. 7A and 7B. part of expelled excessive adhesive 220 including the air bubbles, dust, and the like 
is blocked by adhesive scattering prevention fence 300 (during execution of step ST58). After this high-speed rotating 
40 operation is continued for a predetermined period of time (atx)ut 1 0 seconds, which may change depending on the sit- 
uation) (YES in step ST60), the rotational speed of spinning table 200 is changed to a given low speed (e.g., at>out 6 
rpm) (step ST61). At this time, uniform adhesive layer 50 having a thickness of about 50 ^im and no air bubbles is left 
between substrates 30 and 40. At this time, the total thickness of substrates 30 and 40 is almost 1.2 mm. 

After excessive adhesive 220 is expelled by the high-speed rotating operation, a small amount of non-cured adhe- 
45 sive 220 adheres to the outer peripheral portion of multi-substrate disk OD (30 + 40). In order to remove this pressed- 
out adhesive 220. suction pump 500 is started (step ST62). Spinning table 200 is rotated at a given low speed (about 
6 rpm) while suction pump 500 operates. With this operation, excessive adhesive 220 adhering to the outer periphery 
of multi-substrate disk OD is collected to the pump 500 side. 

When collection of excessive adhesive 220 adhering to the outer periphery of multi -substrate disk OD is completed. 
so the rotation of spinning table 200 is stopped, and suction pump 500 is stopped (step ST63). 

Note that excessive adhesive 220 adhering to the outer periphery of multi-substrate disk OD is collected into adhe- 
sive collection vessel 400 with a suction air flow produced through air tube 502 extending from pump 500. In this case, 
since adhesive 220 flowing to the air tube 502 side is blocked by adhesive passage blocking filter 302. no adhesive 220 
flows into pump 500. Adhesive passage blocking filter 302 needs to be periodically replaced or cleaned. 
55 Referring to FIG. 6D. multi-sut>strate optical disk OD. on which uniform adhesive layer 50 having no air but»bles is 
left, is irradiated with ultraviolet light emitted from UV lamp 230 (step ST64). After ultraviolet light is radiated for a pre- 
determined period of time (YES in step ST66). adhesive 220 serving as layer 50 is cured up to the practical strength. 
With this process, substrates 30 and 40 are completely integrated, and hence multi-substrate optical disk OD having a 
two-layered structure is completed. 
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Note that the rotational speed and high-speed rotation holding interval of motor 210 in steps ST50 to ST60 in FIG. 
8 can be selectively determined by an experiment using a plurality of samples such that no air bubbles are left in adhe- 
sive layer 50, and its thickness falls within the range of 50 ±5 ^im. 

The diameter of spinning table 200 is set to be slightly smaller than the outer diameter (120 mm or 80 mm in gen- 
5 eral) of optical disk OD to be manufactured. Making the diameter of spinning table 200 smaller than the outer diameter 
of optical disk OD prevents adhesive 220 leaking from the outer periphery of multi-substrate disk OD from flowing 
between disk OD and the table surface of spinning table 200. 

More specifically, the diameter of spinning table 200 may be set to be about 11 5 to 1 1 7 mm for multi-substrate opti- 
cal disk having a diameter of 120 mm (5-inch disk) OD. and may be set to be about 75 to 77 mm for multi-substrate opti- 
10 cal disk having a diameter of 80 mm (3.5-inch disk) OD. Similarly, for a 2.5-inch disk (diameter: 63 mm), a diameter 
corresponding to the size of the disk is selected for the spinning table. 

FIG. 9 is a partial deformed sectional view showing a modification of the single-sided read type multi-substrate dou- 
ble-layered optical disk in FIG. 2. and more specifically, nujlti-substrate optical disk OD having four information record- 
ing layers. 

15 In this case, information recording layer 10a is formed on substrate 30. on which information recording layer 10b is 
formed, through first transparent layer 51 (double-layered structure), and information recording layer 20a is formed on 
substrate 40, on which information recording layer 20b is formed, through second transparent layer 52 (double-layered 
structure). One surface of layer 10a on substrate 30 is bonded to one surface of layer 20a on substrate 40 through 
adhesive layer 50 (adhesive 220). 

20 First spacer 61 which can be used as a label is placed at the disk central portion between layers 10a and 10b. and 
second spacer 62 which can be used as a label is placed at the disk central portion between layers 20a and 20b. 

In the modification shown in FIG. 9. information on information recording layers 10a and 10b is read from below by 
using read laser RL1 . and information on information recording layers 20a and 20b is read from above by using read 
laser RL2. 

25 FIG. 10 is a partial deformed sectional view showing another modification of the single-sided read type multi-sub- 
strate double-layered disk shown in FIG. 2. and more specif icaliy. a multi-substrate optical disk OD having three infor- 
mation recording layers. 

In this case, information recording layer 10a is formed on substrate 30. on which information recording layer 10b is 
formed, through first transparent layer 51 (double-layered structure), and information recording layer 20a is formed on 
30 substrate 40 (single-layered structure). One surface of layer 10a on substrate 30 is bonded to one surface of layer 20a 
on substrate 40 through adhesive layer 50 (adhesive 220). 

First spacer 61 which can be used as a label is placed at the disk central portion between layers 10a and 10b. 
In the modification shown in FIG. 10. information on information recording layers 10a and 10b can be read from 
below by using read laser RL1 . and information on information recording layers 20a and 20b can be read from above 
35 by using read laser RL2. 

In the modification shown in FIG. 10, when infonnation is to be read from boVn information recording layers.lOa and 
1 0b by using upper-side read laser RL2. layer 20a may be made of a thin metal film having a thickness of about 13 nm 
Instead of a thick aluminum-based metal film. 

FIG. 1 1 is a partial deformed sectional view showing still another modification of the single-sided read type multi- 
40 substrate double-layered disk shown in FIG. 2, and more particularly, a multi-substrate optical disk OD having one infor- 
mation recording layer. 

In the modification shown in FIG. 1 1 . information recording layer 20 in FIG. 2 is replaced with dummy layer 20d. 
When the total amount of data to be stored in disk OD is equal to or smaller than the capacity of information recording 
layer 10. the modification shown in FIG. 1 1 can be used (information recording layer 10 can ensure a storage capacity 
45 of about 5 GB along). Dummy layer 20d can be made of a thin aluminum-based metal film painted with a predetermined 
information pattern having no substantial contents (in this case, "having no substantial contents" includes not only a 
case wherein no data is recorded on the recording surface but also a case wherein monotonous data such as data "O^s 
or "1 "s are written in the entire recording surface). 

FIG. 1 2 is a partial deformed sectional view showing a structure obtained by modifying the structure in FIG. 1 1 , and 
so more specifically, multi-substrate optical disk OD having one information recording layer. 

In the emljodiment shown in FIG. 12. information recording layer 20 in FIG. 2 is replaced with dummy layer 20db 
having a label pattern. If this optical disk OD can be specified as a multi-sut)strate single-layered disk when the infor- 
mation on information recording layer 10 is partially read, a reproducing apparatus for disk OD can be initialized so as 
not to access the information on dummy/label layer 20db. In this case, since dummy/label layer 20db n ed not reflect 
55 read laser RL. the degree of freedom in selecting a material for dumnry/label layer 20db increases. More specifically, a 
polycarbonate film on which a label pattern Is printed can be used as dummy/label layer 20db. 

In each of the modifications shown in FIGS. 11 and 1 2. the thickness of dummy layer 20d or 20db need not be con- 
trolled specifically, but the total ttiickness of substrate 40 including the dummy layer 20d or 20db is controlled to a pre- 
determined value (0.6 mm). 
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In single-sided read type multi-SL±»strate double-layered diskOD in FIG. 2, since a read operation from second sub- 
strat 40 side is not performed, label LB can be placed on a surface of substrate 40. According to the structure shown 
in FIG. 9 or 10. however, since information is read from both the substrate 30 side and the substrate 40 side, large-area 
label LB like the one shown in FIG. 2 cannot be placed on disk OD. 

5 In this case, since polycarbonate substrates 30 and 40 are transparent, characters, patterns, and the like associ- 

ated with the information recorded on the disk are printed on spacer 60 sandwiched between substrates 30 and 40 in 
advance. With this structure, the spacer 60 portion in the center of the disk can be used as a disk label although the 
amount of written visual information is limited. 

In each of the embodiment and modifications shown in FIGS. 2. 9. and 10. the total thickness of mult -substrate 

10 multi-layered optical disk OD is controlled to 1.2 mm. For this reason, the thickness (slightly less than 0.6 mm) of sub- 
strate 30 itself in FIG. 1 0 or 9, which has transparent layer 51 , is smaller than the thickness (about 0.6 mm) of substrate 
30 itself in FIG. 2, which does not have layer 51. by the thickness (about 50 jim) of layer 51. Similarly, the thickness 
(slightly less than 0.6 mm) of substrate 40 itself in FIG. 9. which has transparent layer 52. is smaller than the thickness 
(about 0.6 mm) of substrate 40 itself in FIG. 2 or 10. which does not have layer 52. by the thickness (atxjut 50 jim) of 

15 layer 52. In any case, the thickness (standard value: 0.6 mm) of each of substrates 30 and 40 may be properly changed 
in accordance with the contents of the embodiment. 

In this embodiment, a thin aluminum-molybdenum alloy film is used as second information recording layer 20. How- 
ever, the present invention is not limited to this. As second information recording layer 20, an alloy layer consisting of 
aluminum and a refractory metal (tungsten, tantalum, nickel, cobalt, platinum, chromium, titanium, or the like), other 

20 than a pure aluminum layer, a gold layer, and a molybdenum layer, which has a high melting point, a high strength, and 
a high oxidation resistance can be used deperxling on the embodiment of the present invention. However, materials for 
first information recording layer 1 0 are limited to those (a gold alloy, copper, silver, brass, a copper-zinc alloy, a copper- 
aluminum alloy, and the like) exhibiting almost the same laser reflectance and transmittance with respect to a laser hav- 
ing a specific wavelength when formed into thin films as those of gold. 

25 In the above description, the thickness of ultraviolet curing resin layer (adhesive layer) 50 is 50 ^m. K, however, 
multi-substrate disk OD shown in FIG. 1 is a read-only disk (DVD-ROM), a thickness for this disk may be selected from 
the range of 40 jim to 70 ^m. If multi-substrate diskOD shown in FIG. 1 is a RAIVI disk (DVD-RAM), adhesive layer 50 
is preferably thinner than that of the read-only disk. In this case, a thickness for adhesive layer 50 may be selected from 
the range of 20 lam to 40 ^m. 

30 In addition, a 5-inch type disk (diameter: 120 mm) and a 3.5-inch type disk (diameter: 80 mm) have been described 
as optical disks OD. However, the present invention can be applied to a 2.5-inch type disk (diameter: 63 mm) and multi- 
substrate optical disks having other sizes. In this case, the optimal adhesive layer thickness (i.e., the thickness of spacer 
60) may be determined in accordance with the disk size, the disk material, the disk type (ROM or RAM), the type of 
adhesive, and other conditions. 

35 In the above description, a film ring geometrically similar to a disk is used as spacer 60. However, the shape of 
spacer 60 is not limited to the shape of a ring. It suffices if spacer 60 is positioned when guide pin 202 is inserted into 
the hole of spacer 60. Therefore, the hole of spacer 60 may be a polygon having straight lines more than those of a 
triangular (the diameter of the inscribed circle is set to be slightly larger than 15 mm). Similarly, the outer shape of 
spacer 60 may be an arbitrary polygon as long as the diameter of the circumscribed circle falls outside the region of the 

40 information recording layer in FIG. 1. For example, a polygonal film (having a thickness of, e.g.. 50 ^m) having a hex- 
agonal outer shape circumscribing a circle having a diameter of 33 mm and an octagonal hole inscribing a circle having 
a diameter of 15 mm may be used as spacer 60, Assume disk recorded information (characters, symbols, or pictures) 
is to be printed on spacer 60. In this case, the commercial value (mainly on design) may be increased by not limiting 
spacer 60 to an annular shape. 

45 FIG. 1 3 is a graph showing how the allowable range of thickness (ordinate) of a substrate (30 or 40) used for a past- 
ing process changes in accordance with the refractive index (abscissa) of a substrate material when coherent light hav- 
ing a wavelength of 650 nm is used for a read operation, and a pair of substrates (30 and 40) for a single 
substrate/single recording layer structure like the one shown in FIG. 2 are used. 

According to this graph, when the refractive index of a substrate is 1 .45, the thickness of the substrate is controlled 

50 to fall within the range of 0.643 (point P01) as the upper limit to 0.583 (point P03) as the lower limit (the central value is 
0.615 mm at point P02). If. for example, the refractive index of a polycartDonate substrate is 1.56, the thickness of the 
substrate is controlled to fall within the range of 0.630 (point P1 1) as the upper limit to 0.570 (point PI 3) as the lower 
limit (the central value is 0.600 mm at point PI 2). If the refractive index of the substrate is 1 .65. the thickness of the sub- 
strate is controlled to fall within the range of 0.630 (point P21) as the upper limit to 0.570 (point P23) as the lower limit 

55 (the central value is 0.600 mm at point P02). 

The embodiment of the present invention uses a transparent substrate (30 or 40) consisting of polycartx)nate or the 
like and having a thickness that falls within the range defined by points P01 to P23. 

FIG. 1 4 is a graph showing how the allowable range of thickness (ordinate) of a substrate (30 or 40) used for a past- 
ing process changes in accordance with the refractive index (abscissa) of a substrate material when coherent light hav- 
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ing a wavelength of 650 pm is used for a read operation, and a pair of substrates (30 and 40) for a single 
substrate/double recording layer structure like the one shown in FIG. 9 are used. 

According to this graph, when the refractive index of a substrate is 1 .45. the thickness of the substrate is controlled 
to fall within the range of 0.653 (point Q01) as the upper limit to 0.563 (point Q03) as the lower limit. If the refractive 
index of the substrate is 1 .56, the thickness of the substrate is controlled to fall within the range of 0.640 (point Q11) as 
the upper limit to 0.550 (point Ql 3) as the lower limit (the central value is about 0.595 mm). If the refractive index of the 
substrate is 1 .65, the thickness of the substrate is controlled to fall within the range of 0.640 (point Q21) as the upper 
limit to 0.550 (point Q23) as the lower limit. 

The embodiment of the present invention uses a transparent substrate (30 or 40) consisting of polycarbonate or the 
like and having a thickness that falls within the range defined by points Q01 to Q23. 

As shown in FIG. 9, when two information recording layers (10a and 10b or 20a and 20b) are to be formed per sub- 
strate, since a resin layer (51 or 52) is formed between the information recording layers, a relatively small substrate 
thickness is selected (the central thickness in FIG. 13 is 0.600 mm, whereas the central thickness in FIG. 14 is 0.595 
mm) is selected in consideration of the thickness of this resin irtterlayer (51 or 52). 
15 In the present invention, since spacer 60 having an adhesive layer thickness regulating function is placed between 
two substrates to be pasted, the following effects are obtained: 

(1) Since two substrates 30 and 40 are rotated at a high speed, dust, air bubbles, and the like between the sub- 
strates are expelled, together with excessive adhesive 220. while the space between the substrates which is regu- 

20 lated by the thickness (50 ^m) of spacer 60 is maintained. During this high-speed rotating operation, when 
excessive adhesive 220 is expelled from the space between substrates 30 and 40, the inner pressure between the 
two substrates decreases, and forces based on the ambient pressure (atmospheric pressure in general) are uni- 
formly exerted on the entire surfaces of substrates 30 and 40 in a direction in which they are pressed against each 
other. At this time, the space between substrates 30 and 40 does not decrease below the thickness (50 pm) of 

25 spacer 60 As a result, the thickness of adhesive layer 50 made of adhesive 220 between two substrates 30 and 40 
can be controlled to fall within a predetermined range (e.g.. 50 ±5 um) defined by the thickness of spacer 60. 

(2) If spacer 60 is used as in the present invention, the adhesive layer between substrates 30 and 40 does not 
become excessively thin even if the two substrates are rotated at a high speed. For this reason, no upper limit 
needs to be imposed on the rotational speed. Therefore, air bubbles, dust, and the like left in adhesive layer 50 

30 between two substrates 30 and 40 to be pasted together can be completely expelled, together with excessive adhe- 
sive 220. by rotating the two substrates at a sufficiently high speed. That is, adhesive layer 50 having almost no 
thickness irregularity can be obtained without accurately controlling the rotational speed for a high-speed rotating 
operation to a specific value. Multi-substrate disks for which dimensional accuracy is required in the direction of 
thickness after a pasting process can therefore be massijroduced with a high yield, and the manufacturing cost 

35 can be suppressed to almost the same cost as that for single-substrate disks. 

(3) Since the thickness of adhesive layer 50 between first and second substrates 30 and 40 pasted together Is 
made almost uniform at the thickness (about 50 ±5 \m\) regulated by spacer 60, the rate of occurrence of read 
errors due to the thickness irregularity of adhesive layer 50 can be suppressed to the level at which no practical 
problems are posed. 

40 (4) As spacer 60 having the adhesive layer thickness regulating function, a very thin label film on which characters, 
patterns, or the like are written may be used. This label film can be used as a disk label for a double-sided read type 
multi-substrate optical disk which allows no label to be placed on any information recording surface. 

(5) Owing to spacer 60, a high-speed rotating process of completely removing air bubbles from adhesive layer 50 
can be performed while the thickness of adhesive layer 50 is controlled within a predetermined range, thereby pre- 

45 venting a decrease in the strength of the adhesive layer due to air bubbles left in the adhesive layer. This prevents 
the disk substrates pasted together from peeling from each other due to the impact of falling or the like. 

(6) When only one of the two substrate (30 and 40) has an information recording layer (10), a dummy layer (20d) 
con-esponding to the information recording layer (10) is formed on the other substrate. When similar layers (1 0 arKl 
20d) are respectively formed on one substrate (30) and the other substrate (40), and the substrates are pasted 

so together with the layers opposing each other, the following effects can be obtained. Since physical distortions of the 
two substrates with environmental changes or with changes in quality over time occur symmetrically in almost the 
same amount, the distortions are canceled out by the pasting process. For this reason, peeling or warping of the 
substrates pasted together does not easily occur, and hence a multi-substrate information recording medium 
(multi-sutetrate optical disk OD) which is physically stable with respect to environmental changes or changes in 

55 quality over time can be obtained. 

Claims 

1 . A method of nranufacturing a multi-substrate information recording medium, comprising the steps of: 
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a) placing a spacer (60) having a predetermined thickness concentrically with respect to a first substrate (30) 
on which an Information recording layer (10) is formed; 

b) supplying a predetermined amount of adhesive (220) onto a surface of said first substrate (30) on which said 
spacer (60) is placed; 

5 c> bringing a second substrate (40) into contact with the surface of said first substrate (30) to which said adhe- 

sive (220) is supplied; and 

d) rotating said first and second substrates (30, 40) about a position of said spacer (60) to expel said adhesive 
(220), sandwiched between said first and second substrates (30. 40), thereby obtaining an adhesive layer (50) 
between said first and second substrates (30, 40). said adhesive layer having a thickness regulated by a thick- 
70 ness of said spacer (60). 

2. A method according to claim 1 , characterized in that said adhesive (220) includes an ultraviolet curing adhesive, 
and said method further comprises 

75 e) curing said adhesive layer (50) by irradiating ultraviolet light onto a multi-substrate object (OD) constituted 

by said first and second substrates (30. 40) between which said adhesive layer (50) is left. 

3. A method of manufacturing a multi-substrate information recording medium, comprising the steps of: 

20 a> placing a spacer (60) having a predetermined thickness concentrically with respect to a first substrate (30) 

on which an information recording layer (10) is formed; 

b> supplying a predetermined amount of adhesive (220) onto a surface of said first substrate (30) on which said 
spacer (60) is placed; 

c) bringing a second substrate (40) into contact with the surface of said first substrate (30) to which said adhe- 
25 sive (220) is supplied; and 

d) rotating said first and second substrates (30, 40) about a position of said spacer (60) to expel said adhesive 
(220), sandwiched between said first and second substrates (30. 40). 

the step d) further including: 

30 (1) causing atmospheric pressure to uniformly press entire surfaces of said first and second substrates 

(30, 40) against each other; 

(2) blocking said adhesive (220) entering a rotation center side by using said spacer (60); 

(3) expelling air bubbles between said first and second substrate (30. 40) through a space between said 
first and second substrates (30. 40) which is ensured by a thickness of said spacer (60); and 

35 (4) setting a thickness of a layer (50) of said adhesive (220) left between said first and second substrates 

(30. 40) to a predetermined thickness regulated by the thickness of said spacer (60). 

4. A method according to claim 3, characterized in that said adhesive (220) includes an ultraviolet curing adhesive, 
and said method further conrprises 

40 

e) curing said layer (50) of said adhesive (220) by inradiating ultraviolet light onto a multi-substrate object (OO) 
constituted by said first and second substrates (30, 40) between which said adhesive layer (50) is left. 

5. A method of manufacturing a multi-substrate information recording medium, comprising the steps of: 

45 

a> preparing a first substrate (30) in the form of a disk with a hole, on wrhich a first information recording layer 
(10) which reflects a part of coherence light (RL) and transmits the remaining part of the light is formed, said 
first substrate having a predetermined outer diameter, a predetermined inner diameter, and a predetermined 
thickness; 

50 b) preparing a second substrate (40) in the form of a disk with a hole, on which a second information recording 

layer (20) which reflects the remaining part of the light (RL) is formed, said second substrate having a prede- 
termined outer diameter, a predetermined inner diameter, and a predetermined thickness; 
c) placing a ring-like spacer (60). concentrically with respect to the inner diameter of said first substrate (30). 
on a surface side on which said first information recording layer (10) is formed, said spacer having a predeter- 

55 mined outer diameter, a predetermined inner diameter, and a predetermined thickness; 

d> applying or dropping a predetermined amount of adhesive (220) onto the surface of said first substrate (30) 
on which said first information recording layer (10) is formed; 

e) bringing a surface of said second substrate (40) on which said second information recording layer (20) is 
formed into contact with a surface of said first substrate (30) on which the adhesive (220) is applied or dropped 
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such that said first and second substrates (30, 40) become concentrical; and 

f> rotating said first and second substrates (30. 40) about a center position of said ring-like spacer (60) as a 
rotation center to expel said adhesive (220) sandwiched between first and second sutjstrates (30, 40). 
the step f> further including: 

(1) causing atmospheric pressure to uniformly press entire surfaces of said first and second substrates 
(30. 40) against each other; 

(2) blocking said adhesive (220) entering a rotation center side by using said spacer (60); 

(3) expelling air bubbles between said first and second substrate (30, 40) through a space between said 
first and second substrates (30, 40) which is ensured by a thickness of said spacer (60); and 

(4) setting a thickness of a layer (50) of said adhesive (220) left between said first and second substrates 
(30. 40) to a predetermined thickness regulated by the thickness of said spacer (60). 

A method of manufacturing a multi-substrate information recording medium, comprising the steps of: 

a) preparing a first substrate (30) in the form of a disk with a hole, on which a first information recording layer 
(10) which reflects a part of coherence light (RL) and transmits the remaining part of the light is formed, said 
first substrate having a predetermined outer diameter, a predetermined inner diameter, and a predetermined 
thickness; 

b> preparing a second substrate (40) in the form of a disk with a hole, on which a second information recording 
layer (20) which reflects the remaining part of the light (RL) is formed, said second substrate having a prede- 
termined outer diameter, a predetermined inner diameter, and a predetermined thickness; 

c) placing a ring-like spacer (60), concentrically with respect to the inner diameter of said second substrat 
(40). on a surface side on which said second information recording layer (20) is formed, said spacer having a 
predetermined outer diameter, a predetermined inner diameter, and a predetermined thickness; 

d) applying or dropping a predetermined amount of adhesive (220) onto the surface of said second substrate 
(40) on which said second information recording layer (20) Is formed; 

e) bringing a surface of said first substrate (30) on which said first information recording layer (10) is formed 
into contact with a surface of said second substrate (40) on which the adhesive (220) is applied or dropped 
such that said first and second substrates (30, 40) become concentrical; and 

f> rotating said first and second substrates (30. 40) atwut a center position of said ring-like spacer (60) as a 
rotation center to expel said adhesive (220) sandwiched between first and second sutetrates (30. 40). 
the step f > further including: 

(1) Causing atmospheric pressure to uniformly press entire surfaces of said first and second substrates 
(30. 40) against each other; 

(2) blocking said adhesive (220) entering a rotation center side by using said spacer (60); 

(3) expelling air bubbles between said first and second substrate (30, 40) through a space between said 
first and second substrates (30. 40) which is ensured by a thickness of said spacer (60); and 

(4) setting a thickness of a layer (50) of said adhesive (220) left between said first and second substrates 
(30. 40) to a predetermined thickness regulated by the thickness of said spacer (60). 

7. A method according to any one of claims 5 and 6. characterized in that said adhesive (220) includes an ultraviolet 
curing adhesive, and said method further comprises 

45 

g> curing said layer (50) of said adhesive (^0) by irradiating ultraviolet light onto a multi-substrate object (OD) 
constituted by said first and second substrates (30, 40) between which said adhesive layer (50) is left. 

8. An apparatus for manufacturing a multi -substrate information recording medium, comprising: 

so 

positioning/holding means (200. 202) for concentrically positioning and holding a first substrate (30) having a 
predetermined inner diameter, a spacer (60) having an inner diameter not less than the predetermined inner 
diameter and a predetermined thickness, and a second substrate (40) having the predetermined inner diame- 
ter, with an adhesive (220) being sandwiched between said first and second substrates (30. 40); 
55 rotating means (210) for rotating the first substrate (30). said spacer (60). and said substrate (40). which are 

concentrically positioned and held by said positioning/holding means (200, 202), for a predetermined period of 
time, at a speed at which the adhesive (220) is expelled; and 

adhesive curing means (230) for curing a layer (50) of the adhesive (220) which is left between said first and 
second substrates (30. 40) to have a predetermined thickness regulated by the spacer (60) after the adhesive 
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(220) is partly expelled by rotation of said rotating means (210). 

9. An apparatus according to claim 8, 

characterized in that said positioning/holding means (200. 202) includes a guide pin (202) having a size not more 
5 than each of inner diameters of the first and second substrates (30. 40) and a spinning table (200) for supporting 

one surface of one of the first and second substrates (30. 40), and 

an outer diameter of said spinning table (200) is set to a predetermined size which is smaller than an outer 
diameter of one of the first and second substrates (30. 40) and larger than an inner diameter thereof. 

10 10. An apparatus according to any one of claims 8 and 9. characterized in that the adhesive (220) includes an ultravi- 
olet curing adhesive, and said adhesive airing means (230) includes an ultraviolet lamp (230) for irradiating ultra- 
violet light onto the adhesive layer (50) between the first and second substrates (30, 40). 

1 1. An apparatus according to claim any one of claims 8 arul 10. characterized by further comprising adhesive collec- 
15 tion means (300 - 500) for collecting part of the adhesive (220) which is expelled by rotation of said rotating means 

(210). 

12. A multi-substrate information medium comprising: 

20 a first substrate (30) in the form of a disk with a hole, on which a first information recording layer (1 0) is formed, 

said first substrate having a predetermined outer diameter, a predetermined inner diameter, and a predeter- 
mined thickness: 

a second substrate (40) in the form of a disk with a hole, on which a second information recording layer (20) is 
formed, said second substrate having the predetermined outer diameter, the predetermined inner diameter, 
25 and a predetermined thickness: 

a spacer (60) having a predetermined outer diameter, a predetermined inner diameter, and a predetermined 
thickness and concentrically sarxJwiched between said first and second substrates (30. 40): and 
an adhesive layer (50) which is present between said first and second substrates (30, 40) except for a position 
of said spacer (60). and has a predetermined thickness regulated by said spacer (60). 

30 

13. A medium according to claim 12, characterized in that a thickness of said adhesive layer (50) falls within a prede- 
termined range not less than 10 times a wavelength of coherent light (RL) used to read recorded information from 
one of said first and second substrates (30. 40). 

35 14. An apparatus according to claim 12. 

characterized in that a character or pattern associated with recorded information on one of said first and second 
substrates (30. 40) is formed on said spacer (60). 

15. A medium according to daim 12. characterized by further comprising a label (LB) having a character or pattem 
40 associated with recorded information on one of said first and second substrates (30, 40) and formed on one of out- 
side surfaces of said first and second substrates (30. 40). 

1 6. A medium according to claim 12. characterized in that said first substrate (30) includes a third information recording 
layer (10b) stacked on said first information recording layer (10a). 

45 

1 7. A medium according to claim 1 2. characterized in that said first substrate (30) includes a third information recording 
layer (10b) stacked on said first information recording layer (10a), and 

said second substrate (40) includes a fourth information recording layer (20b) stacked on said second infor- 
mation recording layer (20a), 

so 

18. A medium according to claim 12. characterized in that said first information recording layer (10) includes a thin 
metal film having a thickness of about 11 nm to 14 nm. and 

said second information recording layer (20) includes a thin film containing aluminum. 

55 19. A medium according to claim 12. characterized in that said first information recording layer (10) includes a thin 
metal film having a thidviess of about 1 1 nm to 14 nm, and 

said second information recording layer (20) includes a thin aluminum-refractory metal alloy film having a 
thickness not less than atx>ut 40 nm. 
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20. A medium according to claim 12, characterized in that said first information recording layer (10) includes a thin 
metal film having a thickness of about 11 nm to 1 4 nm, 

said second information recording layer (20) Includes a thin aluminum-refractory metal alloy film having a 
thickness not less than about 40 nm, and 
£ a content of the refractory metal in said thin aluminum/refractory metal alloy film is set to about 1 at% to 20 

at%. 

21. A medium according to any one of claims 12 to 20, characterized in that a thickness of said first substrate (30) is 
about 0.6 mm. a thickness of said second substrate (40) is about 0.6 mm, and a thickness of said spacer (60) is 

10 about a predetermined value selected from a range of 40 £m to 70 £m. 

22. A multi-substrate multi-layered information recording medium comprising: 

a first substrate (30) In the form of a disk with a hole, on which first and secorxj information recording layers 
75 (10a, 10b) are formed to be separated by a space corresponding to a thickness of a first spacer (61), said first 

substrate having a predetermined outer diameter, a predetermined inner diameter, and a first thickness: 
a second substrate (30) in the form of a disk with a hole, on which third and fourth information recording layers 
(20a. 20b) are formed to be separated by a space corresporxfing to a thickness of a second spacer (62), said 
second substrate having the predetermined outer diameter, the predetermined inner diameter, and a second 
20 thickness; 

a first transparent layer (51) which is present between said first and second information recording layers (10a. 
10b) except for a position of said first spacer (61), and has a predetermined thickness regulated by said first 
spacer (61); and 

a second transparent layer (52) which is present between said third and fourth information recording layers 
25 (20a, 20b) except for a position of said second spacer (62), and has a predetermined thickness regulated by 

said second spacer (62). 

23. A multi-substrate multi-layered information recording medium comprising: 

a first substrate (30) in the form of a disk with a hole, on which first and second information recording layers 
(10a, 10b) are formed to be separated by a space corresponding to a thickness of a first spacer (61), said first 
substrate having a predetermined outer diameter, a predetermined inner diameter, and a first thickness; 
a second sut^trate (30) in the form of a disk with a hole, on which third and fourth information recording layers 
(20a, 20b) are formed to be separated by a space corresponding to a thickness of a second spacer (62), seiid 
second substrate having the predetermined outer diameter, the predetermined inner diameter, and a second 
thickness; 

a first transparent layer (51 ) which is present between said first and second information recording layers (1 Oa. 
10b) except for a position of said first spac^ (61), and has a predetermined thickness regulated by said first 
spacer (61); 

a second transparent layer (52) which is present between said third and fourth information recording layers 
(20a, 20b) except for a position of said second spacer (62), and has a predetermined thickness regulated by 
said second spacer (62); 

a third spacer (60) having a specific outer diameter, a specific inner diameter, and a specific thickness, and 
sandwiched between said first and second substrates (30, 40); and 

an adhesive layer (50) which is present between said first and second substrates (30. 40) except for a position 
of said third spacer (60), and has a predetermined thickness regulated by said third spacer (60). 

24. A multi-substrate multi-layered information recording medium comprising: 

a first substrate (30) in the form of a disk with a hole, on which said first and second information recording lay- 
ers (1 Oa, 1 0b) are formed to be separated by a space corresponding to a thickness of an interlayer spacer (61), 
said first substrate (30) having a predetermined outer diameter, a predetermined inner diameter, and a first 
thickness; 

a second substrate (40) in the form of a disk with a hole, on which a third information recording layer (20a) is 
formed, said second substrate (40) having the predetermined outer diameter, the predetermined inner diame- 
ter, and a second thickness; and 

a transparent layer (51) which is present between said first and second information recording layers (10a, 10b) 
except for a position of said interlayer space (61), and has a predetermined thickness regulated by said Inter- 
layer spacer (61). 
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25. A multi-substrate multi-layered information recording medium comprising: 

a first substrate (30) in the form of a disk with a hole, on which said first and second information recording lay- 
ers (1 Oa. 1 0b) are formed to be separated by a space corresponding to a thickness of an interlayer spacer (61 ). 
5 said first substrate (30) having a predetermined outer diameter, a predetermined inner diameter, and a first 

thickness; 

a second substrate (40) in the form of a disk with a hole, on which a third information recording layer (20a) is 
formed, said second substrate (40) having the predetermined outer diameter, the predetermined inner diame- 
ter, and a second thickness; 

10 a transparent layer (51) which is present between said first and second information recording layers (10a, 10b) 

except for a position of said interlayer space (61), and has a predetermined thickness regulated by said inter- 
layer spacer (61); 

an inter-substrate spacer (60) having a specific outer diameter, a specific inner diameter, and a specific thick- 
ness, and sandwiched between said first and second substrates (30, 40); and 
IS an adhesive layer (50) which is present between said first and second substrates (30, 40) except for a position 

of said inter-substrate spacer (60), and has a predetermined thickness regulated by said inter-substrate spacer 
(60). 

26. A multi-substrate information recording medium comprising: 

20 

a first substrate (30) in the form of a disk with a hole, on which a first information recording layer (1 0) is formed, 
said first substrate (30) having a predetermined outer diameter, a predetermined inner diameter, and a prede- 
termined thickness; 

a second substrate (40) in the form of a disk with a hole, on which a dummy layer (20d) is formed, said second 
25 substrate (40) having the predetermined outer diameter, the predetermined inner diameter, and a predeter- 

mined thickness; 

a spacer (60) having a specific outer diameter, a specific inner diameter, and a predetermined thickness, and 
concentrically sandwiched between said first and second substrates (30. 40); and 

an adhesive layer (50) which is present between said first and second substrates (30, 40) except for a position 
30 of said spacer (60). and has a predetermined thickness regulated by said spacer (60). 

27. A medium according to claim 26. characterized by further comprising a label (LB) including a character or pattem 
associated with recorded information on said first information recording layer (1 0) and formed on an outside surface 
of said second substrate (40). 

35 

28. A multi-substrate information recording medium comprising: 

a first substrate (30) in the form of a disk with a hole, on which a first information recording layer (10) is formed, 
said first substrate (30) having a predetermined outer diameter, a predetenmined inner diameter, and a prede- 

40 termined thickness; 

a second substrate (40) in the form of a disk with a hole, on which a dummy/label layer (20db) on which a char- 
acter or pattern associated with recorded information on said first information recording layer (10) is written is 
formed, said second substrate (40) having the predetermined outer diameter, the predetermined inner diame- 
ter, and a predetermined thickness; 

45 a spacer (60) having a specific outer diameter, a specif *c inner diameter, and a predetermined thickness, and 

concentrically sandwiched between said first and second substrates (30. 40); and 

an adhesive layer (50) which is present between said first and second substrates (30, 40) except for a position 
of said spacer (60). and has a predetermined thickness regulated by said spacer (60). 

50 29. A method of manufacturing a multi-substrate information recording medium, comprising the steps of: 

a) preparing a first substrate (30) in the form of a disk with a hole, on which a first information recording layer 
(10) which reflects a part of coherence light (RL) having a wavelength of one of about 650 nm and 635 nm and 
transmits the remaining part of the light is formed, said first substrate having a predetermined outer diameter 
55 Of one of about 120 mm and 80 mm, a predetermined inner diameter of about 15 mm, and a predeternnined 

thickness of about 0.6 mm; 

b> preparing a second substrate (40) in the form of a disk with a hole, on which a second information recording 
layer (20) which reflects the remaining part of the light (RL) is formed, said second substrate having substan- 
tially the same shape as that of said first substrate (30); 
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c> placing a ring-like spacer (60), concentrically with respect to the inner diameter of said first substrate (30)» 
on a surface side on which said first information recording layer (10) is formed, said spacer having a predeter- 
mined outer diameter, a predetermined inner diameter, and a predetermined thickness; 

d) applying or dropping a predetermined amount of adhesive (220) onto the surface of said first substrate (30) 
£ on which said first Information recording layer (1 0) is formed; 

e) bringing a surface of said second substrate (40) on which said second information recording layer (20) is 
formed into contact with a surface of said first substrate (30) on which the adhesive (220) is applied or dropped 
such that said first and second substrates (30. 40) become concentrical; and 

f) rotating said first and second substrates (30, 40) about a center position of said ring-like spacer (60) as a 
10 rotation center to expel said adhesive (220) sandwiched between first and second substrates (30. 40), 

the step f )f urther including: 

(1) causing atmospheric pressure to unrtormty press entire surfaces of said first and second substrates 
(30. 40) against each other; 
15 (2) blocking said adhesive (220) entering a rotation cemer side by using said spacer (60); 

(3) expelling air butDbies between said first and second substrate (30. 40) through a space between said 
first and second substrates (30. 40) which is ensured by a thickness of said spacer (60); and 

(4) setting a thickness of a layer (50) of said adhesive (220) left between said first and second substrates 
(30, 40) to a predetermined thickness regulated by the thickness of said spacer (60). 

20 

30. A method of manufacturing a multi -substrate information recording medium, comprising the steps of: 

a) preparing a first substrate (30) in the form of a disk with a hole, on which a first information recording layer 
(10) which reflects a part of coherence light (RL) having a wavelength of one of about 650 nm and 635 nm and 
transmits the remaining part of the light is formed, said first substrate having a predetermined outer diameter 
of one of alDout 120 mm and 80 mm, a predetermined inner diameter of about 15 mm, and a predetermined 
thickness of about 0.6 mm; 

b) preparing a second substrate (40) in the form of a disk with a hole, on which a second information recording 
layer (20) which reflects the remaining part of the light (RL) is formed, said second substrate having substan- 
tially the same shape as that of said first substrate (30); 

c) placing a ring-like spacer (60), concentrically with respect to the inner diameter of said second substrate 
(40), on a surface side on which said second information recording layer (20) is formed, said spacer having a 
predetermined outer diameter, a predetermined inner diameter, and a predetermined thickness; 

d) applying or dropping a predetermined amount of adhesive (220) onto the surface of said second substrate 
(40) on which said second information recording layer (20) is formed; 

e> bringing a surface of said first substrate (30) on which said first information recording layer (10) is formed 
into contact with a surface of said second substrate (40) on which the adhesive (220) is applied or dropped 
such that said first and second sut>strates (30, 40) become concentrical; and 

f) rotating said first and second substrates (30. 40) atx>ut a center position of said ring-like spacer (60) as a 
rotation center to expel said adhesive (220) sandwiched between first and second sut>strates (30, 40), 

the step f> further including: 

(1) causing atmospheric pressure to uniformly press entire surfaces of said first and second substrates 
(30, 40) against each other; 

(2) tDlocking said adhesive (220) entering a rotation center side by using said spacer (60): 

(3) expelling air bubbles between said first and second substrate (30, 40) through a space between said 
first and second substrates (30, 40) which is ensured by a thickness of said spacer (60); and 

(4) setting a thickness of a layer (50) of said adhesive (220) left between said first and second substrates 
(30, 40) to a predetermined Sickness regulated by the thickness of said spacer (60). 

31 . A method according to any one of claims 29 and 30, characterized in that said adhesive (220) includes an ultravi- 
olet curing adhesive, and said method further comprises 

g) curing said layer (50) of said adhesive (220) by in-adiating ultraviolet light onto a multi-substrate object (OD) 
constituted by said first and second substrates (30. 40) between which said adhesive layer (50) is left. 

32. A method of manufacturing a multi-substrate information recording medium, comprising the steps of: 
a) preparing a first substrate (30) in the form of a disk with a hole, on which a first information recording layer 
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(10) which reflects a part of coherence light (RL) and transmits the remaining part of the light is formed, said 
first substrate having a predetermined outer diameter, a predetermined inner diameter, and a predetermined 
thickness; 

b> preparing a second substrate (40) in the form of a disk with a hole, on which a second information recording 
5 layer (20) which r^lects the remaining part of the light (RL) is formed, said second substrate having a prede- 

termined outer diameter, a predetermined inner diameter, and a predetermined thickness: 
c) applying or dropping a predetermined amount of adhesive (220) onto a surface of said second substrate (40) 
on which said second information recording layer (20) is formed; 

d> bringing a surface of said first substrate (30) on which said first information recording layer (10) is formed 
^o into contact with a surface of said second substrate (40) on which the adhesive (220) is applied or dropped 

such that said first and second substrates (30. 40) become concentrical; and 

e) rotating said first and second substrates (30. 40) to expel said adhesive (220) sandwiched between said first 
and second substrates (30, 40). 

the step e> further including: 

75 

(1) causing atmospheric pressure to uniformly press entire surfaces of said first and second substrates 
(30. 40) against each other; 

(2) expelling air bubbles between said first and second substrates (30, 40) through a space therebetween 
which is ensured by a thickness of said spacer (60); and 

20 (3) setting a thickness of a layer (50) of said adhesive (220) left between said first and second substrates 

(30, 40) to a predetermined thickness. 

33. A method according to claim 32, characterized in that said adhesive (220) includes an ultraviolet curing adhesive, 
and said method further comprises 

25 

f> curing said layer (50) of said adhesive (220) by irradiating ultraviolet light onto a multi-substrate object (OD) 
constituted by said first and second substrates (30. 40) between which said adhesive layer (50) is left. 

34. A multi-substrate optical disk comprising: 

30 

a first polycarbonate substrate (30) in the form of a disk with a hole, on which a first information recording layer 
(10) is formed, said first substrate having an outer diameter of one of 120 mm and 80 mm, an inner diameter 
of 15 mm, and a thickness of 0.6 mm; 

a second polycarbonate substrate (40) in the form of a disk with a hole, on which a second information record- 
35 ing layer (20) is formed, said second substrate having the same outer diameter, inner diameter, and thickness 

as those of said first substrate (30); 

a spacer (60) having a specific outer diameter, a specific inner diameter, and a predetermined thickness 
selected from a range of 40 Em to 70 Em, and concentrically sandwiched between said first and second sub- 
strates (30, 40); and 

an ultraviolet curing resin layer (50) which is present between said first and second substrates (30, 40) except 
for a position of said spacer (60), and has a predetermined thickness regulated by said spacer (60). 



40 



35. A multi-substrate optical disk comprising: 

45 a first polycarbonate substrate (30) in the form of a disk with a hole, on which a first information recording layer 

(10) is formed, said first substrate having an outer diameter of one of 120 mm and 80 mm, an inner diameter 
of 1 5 mm, and a thickness of 0.6 mm; 

a second polycarbonate substrate (40) in the form of a disk with a hole, on which a second information record- 
ing layer (20) is formed, said second substrate having the same outer diameter, inner diameter, and thickness 
50 as those of said first substrate (30); 

a spacer (60) having a specific outer diameter, a specrfic inner diameter, and a predetermined thickness 
selected from a range of 20 §m to 40 §m, and concentrically sandwiched between said first and second sub- 
strates (30. 40): and 

an ultraviolet curing resin layer (50) which is present between said first and second substrates (30. 40) except 
55 for a position of said spacer (60), and has a predetermined thickness regulated by said spacer (60). 
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